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Isolation, Identification and Characterisation of Bacteria Species from Belepeh Waterfall, 
Sungai Iga, Sarawak 
Stanley Sait Anak Agusti 
Resource Biotechnology Programme ~ 
Faculty of Science and Technology, University Malaysia Sarawak 
ABSTRACT 
A waterfall is often associated with human activities as a recreational site, however, it is also a potential 
reservoir for waterborne disease-causing bacteria. Thus, the main aims of the study are to isolate and 
characterise the diverse bacteria species in the water sample collected from Belepeh waterfall. Bergey's Manual 
of Systematic Bacteriology was used to study the physiological properties of the bacteria species by performing 
biochemical identification such as Gram's staining, nitrate reduction test, oxidase and catalase test and selective 
media were used to differentiate between gram-positive and gram-negative bacteria. Meanwhile, molecular 
identification methods such as (GTG)--PCR and 16S rRNA PCR were used. Genetic fingerprinting using 
(GTG)s -PCR is a rapid, sensitive and specific in differentiation and identification of unknown bacterial 
isolates. In addition, GelJ software (v. 2.0) was used to construct dendrogram that shows genetic similarities 
and differences among the strains. Based on the result, six bacteria isolate from each different group are 
selected for further identification using 16S rRNA PCR. The PCR product from 16S rRNA PCR was sent to 
the Apical Scientific Laboratory Sdn. Bhd. for sequence analysis. The identities of bacteria after sequence 
analysis were Serratia marcescens, Acinetobacter baummani, Exiguobacterim indicum, Kocuria rhizophila, 
Bacillus spp., and Staphylococcus saprophyticus. Lastly, disc diffusion technique was used to analyse the 
antibiotic susceptibility of bacteria strains in which five out of six isolates showed MAR> 0.2 which mean that 
the isolates were recovered from slightly high-risk sources of contamination, while only one isolate showed 
MAR< 0.2, which mean that the bacteria isolate was recovered from low risk sources of contamination. 
Keywords: Bergey's Manual of Systematic Bacteriology, (GTG)s-PCR, 16S rRNA PCR, disc diffusion 
technique 
ABSTRAK 
Air terjun sering digunakan untuk aktiviti manusia seperti dijadikan sebagai tempat rekreasi. Namun yang 
demikian, air terjunjuga merupakan habitat semulajadi untuk bakteria bawaan air yang boleh mengakibatkan 
penyakit. Oleh yang demikian, objektif utama kajian ini adalah untuk mengasingkan dan mengkategorikan 
pelbagai species bakteria dalam sampel air yang diambil dari Air terjun Belepeh. Manual Sistematik 
Bakteriologi Bergey telah dijadikan sebagai panduan untuk mengkaji sifat jizikal bakteria-bakteria dengan 
menjalankan ujian biokimia seperti pewarnaan gram, ujian pengoksidaan, ujian katalase, ujian reduksi nitrat 
dan media selektif untuk membezakan bakteria yang bergram positif atau bergram negatif Sementara itu, 
(GTG);-PCR dan 16S rRNA PCR telah digunakan untuk ujian identifikasi molekular. Penjujukan DNA melalui 
(GTG)s-PCR merupakan teknik yang cepat, sensitif, dan spesifik dalam membezakan dan mengidentifikasikan 
bakteria-bakteria yang tidak diketahui identitinya. Tambahan pula, perisian Ge!J (v. 2.0) telah digunakan 
untuk membina dendrogram yang menunjukkan persamaan dan perbezaan genetik diantara bakteria-bakteria. 
Merujuk kepada keputusan dendrogram, 6 jenis bakteria yang berlainan kumpulan telah dipilih untuk 
diidentifikasikan melalui I 6S rRNA PCR. Produk PCR dari I 6S rRNA PCR telah dihantar ke First BASE 
Company Sdn. Bhd. untuk dianalisa turutan genetiknya. Identiti bakteria-bakteria telah dikenalpasti iaitu 
Serratia marcescens, Acinetobacter baummani, Exiguobacterim indicum, Kocuria rhizophila, Bacillus spp., 
dan Staphylococcus saprophyticus. Akhir sekali, ujian penyerapan cakera telah digunakan untuk menganalisa 
kecenderungan antibiotik bakteria-bakteria tersebut di mana Zima daripada enam bakteria mempunyai 
MAR>0.2 yang bermaksud, bakteria-bakteria ini berasal dari kadar pencemaran yang sederhana tinggi dan 
hanya satu jenis bakteria yang menunjukkan kadar MAR<0.2, bermaksud bakteria ini berasal dari kadar 
peencemaran yang rendah. 
Kata kunci: Manual Sistematik Bacteriologi Bergey, (GTG),-PCR, 16S rRNA PCR, Teknik penyerapan cakera 
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Microorganisms are complex and diverse groups of organisms that are present almost in 
any environments and participate in various biological activities. They are normally 
found in any environment including soil and marine environments which also include 
man-made places such as a recreational park, swimming pool and natural environments 
such as a river, waterfall and so forth (Suryanto, Nasution & Munir, 2012). A waterfall 
is chosen because it is one of the centres of attractions for visitors. Since there is a 
probability for visitors to get infected with bacterial pathogens, it is important to study 
the microorganism communities that might be present in the selected sampling site. 
Waterborne diseases are conditions caused by the pathogenic microorganisms that are 
transmitted in water. Agents of waterborne diseases include bacterial agents, parasitic 
agents, viral agents as well as chemical agents that can cause waterborne infection and 
route of transmission normally through ingestion or consume water or by dermal contact 
which is a contact of water with skin or mucous membranes or through inhalation. 
Common waterborne bacterial pathogens include Escherichia coli, Leptospira species, 
Pseudomonas species, Vibrio cholerae, Campylobacter species and many more (Cabral, 
2010). All these bacterial pathogens can cause illnesses such as diarrheal, fever, myalgia, 
renal failure, gastrointestinal infection, urinary infection and meningitis and respiratory 
illnesses like severe pneumonia (Center for Disease Control and Prevention, n.d.). 
The previous case as stated by Thiruventhiran and Tan (2000) reported that a healthy 32- 
year-old man has been admitted to the hospital with chest discomfort, fever, and 
generalized myalgia. It was later found out that the man had visited waterfall about 2 
weeks prior to the admission and the hospital has confirmed that the man has been 
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infected by pathogenic bacterial which is Leptospira that caused leptospirosis. It is 
reported that the man had suffered renal failure and haemoptysis. Leptospirosis is a 
bacterial infection in which rodents especially rats are the most common reservoir that 
excretes spirochaetes in their urine and water is the most common vehicle or mode of 
transmission of the infection. This is because leptospires can survive in water for many 
months and patients suffering from this infection are usually show symptoms such as 
fever, headache, conjunctivitis and renal failure. According to serological surveys done 
by Tan (1969), leptospirosis is endemic in Asia and there are reports of sudden outbreaks 
in Korea and Nicaragua after the incidents of heavy rain and flood. 
A quick and valid technique is required for accurate classification of pathogenic bacteria 
which are significant for the successful diagnosis and control. Molecular techniques such 
as (GTG)--PCR based methods are the most excellent method for the differentiation of 
bacterial species since it allows faster, sensitive and more accurate identification 
(Gomez-Gil et al., 2004). According to Gevers et al. (2001), (GTG)--PCR has a very 
high discriminating power which allows it to screen many bacterial strains. It is a rapid, 
sensitive and specific in differentiation and identification of unknown bacterial isolates. 
While l 6S rRNA PCR is a relatively significant molecular approach for bacterial 
identification. 
Hence the objectives of this study were to; 
1. isolate diverse types of bacterial species from Belepeh Waterfall 
11. identify and characterize the different bacterial species usmg genetic 




2.1 Coliform Bacteria 
Faecal contamination that caused water pollution is considered as a critical problem due 
to capability or potential for contracting diseases from pathogens. Generally, coliform 
come from the same sources as pathogenic organisms and they are uncomplicated, and 
present in relatively larger number compares to other more dangerous pathogens Several 
species of the four Enterobacteriaceae genera, Klebsiella, Escherichia, Enterobacter and 
Citrobacter shows a positive result when the tests for coliforms are carried out from the 
environmental water. 
They are grouped and described based on their characteristics and common origin and 
are always present in abundance amount in the digestive tracts of humans as well as 
animals and usually found it their faeces (Treyens, 2009). At the same time, they can 
also be found predominantly in soil and these coliform bacteria are grouped which are 
either total coliform or faecal coliform. Total coliform bacteria include those bacteria 
that are normally found in the soil or in water that has been influenced by human or 
animal waste or surface water. 
Cabral (2010) stated that faecal coliform or thermotolerant coliform are groups of total 
coliforms that are able to ferment lactose at 44.5 °C in a medium with bile salt and can 
be found abundantly in the contaminated water body. This group of bacteria are 
facultatively anaerobic, gram-negative, rod-shaped and non-sporulating bacteria that are 
also normally found in the gut and waste product or faeces of warm-blooded animals, 
human sewage or waste from the storm runoff and agriculture. Faecal coliform is 
considered as a more accurate indication of human or animal waste when compare to 
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total coliforms bacteria since the origins of faecal coli forms are more specific than the 
origin of the total coliform group of bacteria (New York State Department of Health, 
2017). 
According to George, Crop and Servais (2001) as stated by Cabral (2010), the detection 
for ~-galactosidase activity is vital for the detection of coliform bacteria present in 
environmental water because most of the bacteria display this enzymatic activity. 
Example of bacteria species that shows this enzymatic activity is such as Citrobacter, 
Klebsiella, Escherichia, Hafnia, Raoultella, Serratia and Yersinia. However, the 
presence of other bacteria species in environmental water such as Vibrio cholerae and 
Aeromonas species can be a false positive for the ~-galactosidase test even though they 
have ~-galactosidase, but they are not coliform. 
2.2 Other Commonly Found Bacteria spp. in Waterfall 
2.2.1 Leptospira spp. 
According to Garba et al., (2017), genus Leptospira is a bacterial species that can cause 
zoonotic infection which is leptospirosis in which there are 19 species comprises of 13 
pathogenic and 6 saprophytic Leptospira sp. Faine et al., (1997) stated that genus 
Leptospira causes severe illnesses such as headache, joint pain, fever, pulmonary 
haemorrhage and neurological complications. Human leptospirosis can result from either 
direct or indirect contact from contaminated water, soil and urine of infected animals and 
is frequently found in tropical regions with high rainfall (Haake & Levett, 2005 as cited 
by Garba et al., 2017). Dupoey et al., (2014) and Haake et al., (2002) reported that the 
emergence of leptospirosis is more prevalence in developed and developing countries 
with limited resources particularly individual that participate in water sports activities. 
4 
Research done by Pui et al., (2015) found that out of the 110 samples collected from two 
National Parks in Sarawak which are from Tanjung Datu and Bako National Park, 0.09% 
are pathogenic and 5.5% are intermediates Leptospira spp. 
2.2.2 Pseudomonas spp. 
Franzetti and Scarpellini (2007) stated that Pseudomonas species is the most 
heterogeneous and ecologically important bacteria that are commonly found in nature 
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such as marine and soil environment and can be isolated from a large variety of natural 
materials. Having a complex enzymatic system, this Gram-negative motile aerobic rod 
is widely spread throughout nature and characterised by its elevated metabolic 
versatility. Pseudomonas spp. are straight rod-shape and it has one or several polar 
flagella and the bacteria do not produce any spore. Infections such as osteomyelitis, 
pneumonia, endocarditis, gastrointestinal infection, urinary infection and meningitis may 
arise due to these bacteria. 
Pseudomonas species are found to be in an abundant amount at aquatic environment due 
to contamination from various sources. The widespread of the bacteria in the aquatic 
environment as suggested by Austin (1994) is due to its spread through the water that 
acts as a major reservoir of infection. 
2.2.3 Aeromonas spp. 
According to Cabral (2010), Aeromonas spp. especially A. hydrophyla is considered as 
an opportunistic pathogen which means that the pathogen will take advantage and cause 
infection in a host with a weakened immune system. A. hydrophila belong to the family 
of Aeromonodaceae and it is gram-negative, rod-shaped and non-spore forming bacteria 
that can cause diseases such as gastroenteritis, meningitis, septicaemia and infection in 
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a wound. Aeromonas spp are ubiquitous to aquatic environments such as rivers and clean 
water while A. sobria and A. caviae are can be found in human faeces as well. Aeromonas 
can be transmitted through the ingestion of contaminated food or water or through the 
contact of the organism with the wound. However, the person-person transmission has 
yet to be reported (Daskalov, 2006). 
2.3 Morphology, Physiological and Biochemical Test 
In the identification of bacteria from water sample which was collected from Balui 
Waterfall, Bergey's Manual of Systematic Bacteriology will be used. Bergey's manual 
is a manual that contains the description of bacteria and archaeal diversity. In addition, 
this manual also provides the description of the taxonomy, physiology, ecology, 
systematic, and other biological properties of all the described taxa (MacFaddin, 2015). 
Morphology of each bacterial isolates was determined by phase contrast microscopy. 
Physiological properties of bacterial strains were determined by performing biochemical 
tests that includes Gram's staining, starch hydrolysis test, nitrate reduction test as well 
as catalase and oxidase test. Selective media were also used to differentiate between 
gram-positive and gram-negative bacteria such as Eosin Methylene Blue Agar, Mac 
Conkey Agar. 
2.3.1 Gram's Staining 
Gram's staining helps to differentiate Gram-positive and Gram-negative organisms 
based on differential staining with crystal-violet iodine and safranin counterstain. Gram' 
positive organisms' cell wall retained its complex after the treatment with ethyl alcohol 
and appear blue. On the other hand, Gram-negative organisms decolourized after has 
been washed with ethyl alcohol and appears pink (Amrita, 2011). 
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2.4.2 Eosin Methylene Blue Agar 
Eosin methylene blue agar offers a precise and rapid method for distinguishing 
Escherichia coli from other gram-negative mastitis pathogens in which E. coli shows a 
green-metallic property when streaked on EMB agar. This agar contains dyes which are 
eosin Y and methylene blue are pH indicators that also inhibits the growth of gram- 
positive bacteria and at an acidic pH, it combines to form a green metallic sheen 
(Leininger, Roberson & Elvinger, 2001 ). 
2.3.3 Mannitol Salt Phenol-Red Agar (MSA) 
Mannitol salt phenol-red agar (MSA) is a selective and differential medium that 
encourages the growth of a group of certain bacteria species and inhibit others. It contains 
a high concentration of NaCl (7.5%) that could inhibit the growth of Gram-positive 
bacteria including Staphylococcus and Micrococcaceae. The presence of carbohydrate 
mannitol indicator phenol-red helps in the detection of acid produced by mannitol- 
fermenting microorganisms. When an organism is capable of fermenting mannitol, this 
will cause the phenol red in the agar to tum yellow which is the result of the acidic by- 
product produced by organisms. 
2.3.4 MacConkey Agar 
Leininger, Roberson & Elvinger (2001) stated that this selective media inhibits the 
growth of most gram-positive bacteria and is also commonly used for the differentiation 
of E. coli from other mastitis gram-negative pathogens. In addition, organisms capable 
of fermenting lactose produced pink colonies in which they can be differentiated through 
the level of colour change. 
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2.3.5 Starch Hydrolysis Test 
In this test, starch agar is used, and bacterial isolates are streaked onto the agar. Starch 
agar is a nutrient agar in which small portion of starch has been added as a source of 
carbohydrate. The organism that grows on the agar produces an enzyme that is capable 
of hydrolysing starch and this enzyme must be exoenzyme due to the colloidal nature of 
the starch molecules that make it unable to enter the cells. Organisms that released starch- 
hydrolysing particles into the medium have an overall effect of destroying the starch in 
the immediate vicinity of microbial growth and hydrolysing it ether to maltose or 
glucose. 
After overnight incubation at 37 °C, the.agar is flooded with iodine solution in which it 
turns black that shows the presence of starch. The absence of black colour indicates that 
there is no more starch in the medium. If there is a clear zone around bacteria growth, 
this means that the bacteria have produced the exoenzyme amylase that cleaves the starch 
into disaccharides and monosaccharides. Both of these sugars can be transported into a 
cell to be catabolized (Bird and Hopkins, 1954). 
2.3.6 Oxidase Test 
According to Kovac (1956), as stated by Tarrand and Groschel (1982), oxidase reaction 
test is useful in characterizing gram-negative bacteria. This diagnostic test was used to 
detect bacteria species that possess cytochrome-c as a respiratory enzyme. Certain 
microorganisms display cytochrome oxidase activity that catalyses electron transport 
between electron donors in the bacteria and the redox dyes. The dyes will change its 
colour as it accepts the transferred electrons. According to Bradshaw (1992), this test is 
useful in the identification of bacteria species such as Vibrio, Pseudomonas, Neisseria, 
Pasteurella species in which all these organisms possess the enzyme cytochrome 
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oxidase. In presence of the enzyme cytochrome oxidase (gram-negative bacteria) the N, 
N-dimethyl-p-phenylenediamine and alpha-naphthol react to indophenol blue. 
2.3.7 Catalase Test 
Reiner (2010) stated that catalase test helps in the detection of enzyme catalase in 
bacteria. The catalase enzyme neutralizes the bactericidal effects of hydrogen peroxide 
and accelerates the breakdown of hydrogen peroxide (H5O>) into water and oxygen. This 
reaction is observed through the formation ofrapid bubbling. The reaction is as follow: 
2H 30 2+ Catalase-> 2H 50 + O 3 
Generally, this test is useful in differentiating aerobic and obligate anaerobic bacteria 
as anaerobes usually lack this enzyme. 
2.3.8 Nitrate Reduction Test 
This test is conducted as described by Bradshaw (2010) by growing bacteria isolates in 
nitrate broth that helps to determine the ability of an organism to reduce nitrate (NO;) to 
nitrite (NO>) using enzyme nitrate reductase. In addition, it also identifies the ability of 
an organism to carried out nitrification on nitrate and nitrite and producing molecular 
nitrogen. Nutrient broth contains nutrients and potassium nitrate that serve as a source of 
nitrate. 
After overnight incubation of nitrate broth containing bacterial isolate, Nitrate A 
containing 0.5 mL 0.8% of Sulfanilic acid in 5N Acetic acid and Nitrate B containing 
0.5 mL of 0.6% N, N-dimethyl-alpha-naphthylamine in 5N Acetic acid is added to the 
broth. A positive result is determined by an immediate change of broth into red which 
indicates a positive reaction for nitrate reduction. If the broth does not tum red, this could 
either mean that the organism is unable to reduce the nitrate, or the organism is actually 
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able to reduce nitrate to nitrite and producing ammonia or molecular nitrogen. Thus, the 
second step is performed by adding zinc powder to the broth. If the broth turns red after 
the addition of zinc powder, this means that unreduced nitrate is present and is interpreted 
as a negative result. Nitrate is reduced to nitrite after adding zinc powder and the nitrite 
in the medium will form a nitrous acid that eventually reacts with sulfanilic acid. The 
red complex formed is due to the reaction of the diazotized sulfanilic acid with a- 
naphthylamine. However, if the broth remains unchanged even after the addition of zinc, 
this will be interpreted as positive complete because there is no nitrate to be reduced at 
the first place, thus there is no nitrite present in the medium which could mean that 
denitrification has taken place and ammonia, or molecular nitrogen have formed. 
2.4 Molecular Characterisation and Identification 
In this study, two PCR methods were used which include (GTG)s-PCR and 16S rRNA 
PCR. According to Stackebrandt and Goodfellow (1991), Polymerase Chain Reaction 
(PCR) was introduced in 1985 by Saiki and colleagues for gene amplification. PCR has 
replaced the standard procedure for cloning as well as sequencing genes which is the 
basic processes in which molecular phylogenetic comparison are made. (GTG)--PCR is 
the method used for molecular characterisation of bacteria. Versalovic et al., (1994) 
stated that (GTG);-PCR is a type of repetitive extragenic palindromic (rep)-PCR that 
amplifies the (GTG)s repetitive elements which lay throughout the bacterial genomes. 
Kathleen et al., (2014) described that in addition to having a very high discriminating 
power and high throughput of strains, the cost for conducting (GTG)s-PCR is also 
relatively low and it comes in handy for typing extensive range of Gram-negative 
bacteria and narrow range of Gram-positive bacteria. On the other hand, 16S rRNA PCR 
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is a normally used technique as it is a standard approach for the identification and 
diagnosis ofmicrobiota. In this study, the primer set used for rRNA PCR ere 27F-519R. 
According to Clarridge (2004), 16S rRNA gene sequence enabled the discriminating of 
bacteria strains at genus level as well as classifying them at multiple levels. 
PCR is a rapid and efficient technique that produces many copies of specific DNA 
regions. Other than that, PCR is also an excellent tool due to its simplicity, speed and 
sensitivity to the small amount of DNA (Stackebrandt & Goodfellow, 1991). 
2.5 Antibiotic Susceptibility Test 
Disk diffusion method was used for antibiotic susceptibility test as described by National 
Committee for Clinical Laboratory Standards (NCCLS) (2012) and Zulkifli et al., (2009) 
in which antibiotic discs were used (Sien et al., 2013). Disc diffusion method is a very 
convenient method because of its effectiveness and cost-efficiency. This method is the 
most widely used in determining antimicrobial resistance in which Mueller-Hinton agar 
will be used as a growth medium and commercially prepared antibiotic-impregnated disc 
with a standard concentration of particular antibiotic are placed lightly onto the agar 
surface. The antibiotic from the disc will diffuse outward immediately and gradient of 
antibiotic concentration in the agar is created. The discs was placed in an incubator 
overnight and bacterial growth around each disc will be observed in which if there is a 
clear area or absent of growth which is also known as the zone of inhibition. This 
indicates that the organism is susceptible to that particular antibiotic (Michigan State 
University, 2011 ). 
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Table 1 below is used to evaluate the bacterial response to each compound (Johnson and 
Case, 1995). 
Table 1: Diameter of zone of inhibition (mm) 
Diameter of zone of inhibition (mm) 
Resistant 10 or less 
Intermediate 11-15 
Susceptible 16 or more 
Lastly, in 1983, Krumperman introduced multiple antibiotic resistant (MAR) index 
analysis that has been used to group different sources from where the bacteria were 
recovered using the :frequency of antibiotic resistant. For isolate with MAR< 0.2, they 
were stated as isolates recovered from low risk sources of contamination, while isolates 
with MAR > 0.2, they were determined as isolates recovered from high risk sources 
(Kathleen et al., 2016). MAR is determined as follow; 
Number of antibiotics to which the isolates is resistant 
MAR=--------------------
Total no of antibiotics tested 
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